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Motivation

* Different measurements at LEP, HERA and Tevatron
are often sensitive to the same physical effects.

* Drawing common physics messages from them is
often difficult: different phase space, different
processes etc...

* We need to draw out these messages to gain
guantitative understanding of the hadronic final
state, for both current & future experiments.

* General purpose simulation and calculation
programs provide the means to make the
connections.

* They are complex, and the measurements often are

too. Automation is good!
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Areas of Impact
« High E_Jets

- Jet cross sections; parton showers & matrix
elements.

* Heavy flavour production (charm & beauty)

- Production cross sections & dynamics, multiscale
QCD.

* Fragmentation parameters

- Strange, charm, beauty, leading particles.
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JMB UCL

Areas of Impact

"Underlying events”

- Minijets, multiparton interactions, soft underlying

events, saturation.

Transverse momentum in the proton & photon

- &J/or initial state radiation
Structure functions / Parton distributions

- Also from jets and from charm.
Diffraction

- Diffractive structure functions, gaps between jets,

survival probabillity.
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HERA as a 'hadron-hadron' collider

* Almost on-shell photons come along with
the electron beam & collide with protons.

* These photons can fluctuate to acquire a
hadron-like structure.

* HERA can look like a hadron-hadron
machine (hadronic photon vs proton) but
can also do "simpler" measurements with a
pointlike photon. (in Deep Inelastic
Scattering or direct photoproduction).
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HERA as a 'hadron-hadron' collider
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Matrix Elements & Parton Showers

Matching of (N)NLO Matrix
elements to parton showers

is important for multijet final Ty (G
states at LHC. Several |
groups working on it. eg. - .
Frixione & Webber, JHEP 0206;029,2002 1+

disigma)/d{et) low x_gamma, eta_1 (.

0.l !

W+jets, WWH+jets, top+iets, ;
Higgs+jets....Sophisticated e+
topological cuts to identify signals ET (Ge)

at LHC.

ZEUS dijet cross section
for hadonic photon events
as a function of the leading
jet transverse energy.
Data vs Herwig x 1.6.

How well do fixed-order matrix
element programs and LL
partons shower simulations do
compared to current jet data?
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Matrix Elements & Parton Showers

Dijet cross section defined
In terms of highest E_ jet

and the rapidities of the two
jets.

What happens when we
vary the the E_ of the

second jet?

Shape well modelled by
HERWIG, not by fixed order
NLO.

Eur.Phys.J.C23:615-631,2002
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Three-Jet Cross Sections

Three-jet Cross Jet ET > 6, 5 GeV Jet ET > 6, 5 GeV
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Data vs Herwig.

NB: HERWIG normalisation factor of 1.6x, determined by the high
E_dijet data. Parton showers do very well.

JMB UCL |PPP 12/11/02



Four-jet cross sections

Photoproduction, jet transverse energy > 6 (5) GeV. No mass cut.
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Four jet Mass > 50 GeV. No mass cut. Need
QCD (LO+PS) doing Som_ethlng e_Ise. |
well. Multiparton interaction

models are favoured.
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dsigma/dCosTheta3 high mass 4-jet
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HERWIG+JIMMY,
as tuned to Tevatron
data minimum bias
data. (.Borozan,M.Seymour)

HERWIG default.

NB: Both these options give a
decent fit to the high ET data.
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Four-jet cross sections

Same data: compare absolute cross sections.

dsigma/dCosTheta3 high mass 4-jet
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PYTHIA,

as tuned to Tevatron data
minimum bias data

(R. Field; C.Buttar,A.Moraes,l.Dawson).

PYTHIA default.

NB: Both these options give a
poorer fit to the high ET data
than HERWIG
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Systematic Tuning & Validation

 Many important physics effects (perturbative
and otherwise) to pin down.

* Many different measurements of different
processes in different kinematic regions.

* Fortunately we have general purpose
MonteCarlos, and we have CPU...
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Systematic Tuning & Validation

* Need facility to easily compare any new
model, or tuning of model, with existing data.

e HZTOOL library provides plots to compare
with data (HERA, LEP, Tevatron).

— Fortran library, J.Bromley et al, Future Physics at HERA,
vol. 1 611-612.

. provides easy
comparison, job submission & database.

- JMB, S.Butterworth, hep-ph/0210404.
- HZTOOL, Herwig+Jimmy also available here via CVS
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JetWeb Facility

Run Batch (HZTOOLForran MC simultions)

JetWeb
Database
(Mysay
Tomcat Maintairer Searcher Java Semviets
HT LW itar
¥
SBearch exsting Job Results
Add rew dats |
; HTML T Request new Fitz
Ey——— p— — Submit new Job Requests
Privileged User Norrral U ser
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JMB UCL

JetWeb Database
(mySQL)
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Jdeak / > /O &} @ 51.np|1m < @ |htpjetweb hep ucl ac ukiwelcome himl _f] -

Gogle[ « Gogle» Goak[  « @Dictioray[ <« [Bedkowsl| == <« K| 202020 « OB

% Downloads @ Software (% Hardware & Developers ¢F Help @ Search

simulations
L

- JetWeb

.lp'.rmm‘ Automated Data Comparisons for High Energy Physics
* (H1. )

. ( )

¢ Tevatron { .} Searchthe DataBase

best fits, all data
Searches Prepared Earlier ...

summaries, all fits

L]
If you do use any results rom here, please reference the URL
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File Edit

View Tab Seftings

Go  Bookmarks

Tools Help

i

JBack / > /Q o @ 51np|1m k. ] |hlp:ff}emt:l.hep.ucl.ac.wJHWetn’JWSearch

4@

Gogle[  « Guulk» Goale[  « ooictonay] « [Beshoml| = <« Hm|] = « OB

¥ Downloads @ Sofware @ Hardware @ Developers @ Help & Search

Welcome

Search the JetWeb DataBase

Get results |

Clear Form | Sort results by [Fit (AN ET)

#| Only show me results with data from: | Don't care

Generator
herwrig [
pythia [~

Common parameters

Version

we.400 [
vE.206 [
w6, 100 [

Minimum transverse
momentum ot hard

scatters (Gc'u’)|

Underlying event
model{Integer 0-5) r

Photon
PDF

GRVLO ™
Sas1D ™
sas2D
WHIT2 7

Proton FDF
GRVLO ™
CTEQSL "
CTEQ4L ™

Iririnsic ransverse
momertum in

photon (GeV)[

Intnnsic transverse
MOMmentum in

proton I:Gc'u’ﬂ

Change Pythia Parameters

| Change Herwig Parameters |

Java hztool fitter, J. Butterworth, S. Butterworth
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Jdeak / > /O &} @ SlﬂpW'} @ [nitp-sjetweb hep uc ac uk/Jetweb/JWSearch j -
Gogle[  « Goule» Gouk[  « @pictionary] = « [Bethowsl| = < hm| = « OB
% Downloads (@ Software (9 Hardware @ Developers ¢ Help @ Search

Results sorted by Fit (All ET) i

Last updated 05-COct-2002 at 12:24:16

HERWIG v6.100 run 30/092002 POFs: Photon GRVLO Proton CTEQSL PTMIN 2 0GeV UE JIMMY Photon k0.0 Proton k0.0 Scale 1.55 Model 1D 97 ;. _ Plots eic |

Combined: Chi2!Def: High ET: 1.47 Low ET: 2.41 Jet Shape: 16.63 Charm: B13 AN ET: 21
HERA Lumi & 0(+) pb'1 Chi2!Doi: High ET: 1.47 Low ET: 2. 12 Jet Shape: 722 Charm: 8./F Al ET: .84
LER Lumi 400, 0(+) pb'1 Chi2'Dot: High ET: ? Low ET: 3.52 Jet Shape: 3.72 Charm: ?  AIET: 5.52

Tevatron  Lumi g_mm3(+}pb'1 Chi2Dol: High ET. ? LowET. 7 Jel Shape: 27.57Charm: 7 AlIET. 257

HERWIG v6.100 run 30/09/2002 PDFs: Fhoton WHIT2 Proton CTEQSL FTMIN 3 0GeV UE AMMY Photon k0.0 Proton k0.0 Scale 1.65 Model 1D 241 - _ Plots efc

Combined: Chi2!Dol: High ET 1.9 Low ET: 2.46 Jet Shape 14.33 Charm® 3.05 All ET: 2.23
HERA  Lumi 0.0(+)pb”  Chi2Dol: High ET: 1.9Low ET: 2.22.Jet Shape .15 Charm: 3.05 All ET: 2.08
LEP Lumi 500.0 pb™ Chi2’Del: High ET: # Low ET: 5.52Jet Shape: 916 Charm: » AN ET: 5.538

Tevatron  Lymi 0 00003(+) pb? Chi2/Dot: High ET: ? LowET: ?  Jet Shape: 27.87 Charm: ? ANl ET: 1.87 -

HERWIG v6.100 run 30/09/2002 PDFs: Pheton Sa820 Proton CTEQSL PTMIN 3 0GeV UE JIMMY Pheton k-0 0 Proton k-0 0 Scale 1.55° Model 1D 76 - _Plots efc |

Combined: Chi2!Def: High ET: 192 Low ET: 264 Jet Shape: 1920 Charm: 13.54 Al ET: 2.39
HERA Lumi & 0¢+) pb'1 Chi2Det: High ET. 1.62 Low ET: 232 Jat Shape: 1202 Charm: 1354 ARET: 2.9

LEP Lumi 200.0 pb™ Chi2’Del: High ET: ?  Low ET: 557 Jat Shape: 17.84 Charmn: » ANl ET: 3.57

EL.7 _lowET. = &t Shape: o7 oF Clham: 2 ALET . 28r
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Jdeak / > /O &} @ 5tnp|1m vk ] Ihlp:ff}e’meb.hep.ucl.ac.Miistﬁthﬂex.hirnl

A&

Goge[”  « Goute » Gouk[ « @pictonay] « [Beshowsl| 2 « fomd|  « 0B

% Downloads @ Software (% Hardware & Developers ¢F Help @ Search

JetWeb Fit No:269
HERWIG v6.100 run

Date of last 11.30/058/2002

HERA 11

LEFP it
Tevaton fit

Reguest more data like this tnrl HER B

Submit request now: Submit |
Modity parameters first: Get forn_|

Combined this for all fitted experiments: Chiz/Dofatan
overdll scale factor of 1.55)

e Hgh ET: 1.47

e LowET 2.41

e Jet Shape: 16.63
e Charm:8.13

e AllET: 21

Farton distnbution functions: Photon GRVLO Proton
CTECQSL

FTMIN (Minimum transverse momentumn for hard scatiers)
IGeVY

Underying Event Modal

Intrinsic KT in the photon13:0.0

Intnnsic KT in the protoniz0.0

Parton shower cutoft i1s:2 5

Photon radius:1 0

Froton radius 30

PHad 300

Fragmentation parameters CLMAX PSFLT(1).(2):3.35,1,1
PRSOF 0

BTCLM: 1

IOPREM:1

-
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disigma)d(et) high x_gamma, eta 1 (1to 24),eta_2(110 2.4)

Chig Contnbution: {chiz / DoF): 14 153710

Data (black) was scalad by 1.0
The model {red) was scaled by 1 .55

This data 15 relevant for - All jets: High ET Jats

Pull for each point:
(0.011}(0.041)(0.043){1.66}(3.249}(2 435)(1.412}{0.202}(1. 755}({3.345}

disigma)d(x_gamma), ET (14 GeV to 17 GeV)
Chiz Contnbution: (chiz / DokF): 11 488 /8B

Data (black) was scaled by 1.0
The model {red) was acaled by 1 .55

This data 1= relevant for - All jets: High ET Jets

Pull for each point:
(0.498}(0. 146}(3 085}{0.729}{0.217}{0.224}{0.828}(5. 773}
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Future

e JetWeb becomes a Grid app (job submission &
database)

* Include pp & more Tevatron data

* Include more heavy flavour data

* Include LEP fits
* Extend to diffraction?
* Include other programs (NLO calculations)

* Redesign the "hztool" concept in OO ready for
HERWIG++ and PYTHIAY tuning.

e Make the best measurements we can at ATLAS.
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